Objectives-To determine the benefits of using a single venous catheter and a single angiogram during catheter occlusion of a patent arterial duct with the Rashkind double umbrella compared with those of venous and arterial catheters and multiple angiograms. Design-Retrospective review of case notes. Patients-103 consecutive patients. The long sheath could not be advanced adequately in two patients. 101 patients had 104 implantations. Median (range) age was 35 (7-549) months and median (range) weight 13 (7-62) kg. Fifty four implantations were performed using the venous and arterial method and 50 using the venous only method.
improvements can be made in the technique of catheter closure of patent arterial ducts using the 13 22 (0-163) 30 and arterial
Values are median (range). There were no significant demographic differences between groups except for age at procedure.
Percutaneous catheter closure of the patent arterial duct has replaced surgery for many children weighing more than 7 kg. The widely used technique for implantation of the Rashkind double umbrella device (USCI Bard, Galway, Ireland) in patent arterial ducts in the United Kingdom and Europe requires venous and arterial catheterisation and multiple angiograms.I A single catheter technique is used in North America.
We have performed catheter occlusion of the patent arterial duct since 1989. Since August 1992 we have changed to a single venous catheter method in conjunction with a single angiogram, where possible. We have reviewed and compared the results of 51 patients treated with the "venous only" technique with those of our initial 52 patients in whom the conventional "venous and arterial" technique was used.
The objectives of the change over were to improve safety and efficiency by shortening procedure times, reducing radiation doses for patients and operators, and reducing costs.
Patients and methods

PATIENTS
Criteria for occlusion comprised: a patent arterial duct with a minimum diameter measuring less than 8 mm as measured on two dimensional echocardiography, left to right shunting, patient weight more than 7 kg, and no intercurrent illness. Patients intended for occlusion of a patent arterial duct with a Rashkind double umbrella device were included.
Between November 1989 and 1993, 103 patients were considered for occlusion of a patent arterial duct using a Rashkind double umbrella device. The initial attempt at duct occlusion failed in two patients: the 11 French gauge sheath could not be passed through the iliac vein in one and the sheath would not traverse the arterial duct in the second, in whom surgical ligation had failed. Three patients have had a second device deployed. Therefore 101 patients had 104 catheterisations with device deployment to occlude a patent arterial duct using a Rashkind double umbrella device. Venous only method A 6 French gauge haemostatic sheath, introduced percutaneously into the femoral vein, was used in children less than 10 kg in weight and a 7 French gauge sheath in children over 10 kg. A 6 or 7 French gauge Gensini catheter (Balt, France) was passed through the right heart and across the patent arterial duct with the most proximal holes in the aortic end of the duct. Only one diagnostic angiogram was performed. No further angiograms were performed before or after deployment of the device. The landmarks on the lateral projection angiogram were reviewed immediately before release. The same release technique was used as that for the venous and arterial group. Deployment and release were the same as those of the venous and arterial method. Release was recorded on cine film. Fluoroscopy was used to check the position after release.
Radiation measurement
The actual radiation exposure received by the patient was measured directly in three cases from the venous only group. Measurements of radiation exposure in posteroanterior and lateral planes were made using calibrated exposure factors. Direct exposure measurements were therefore available for each angiogram and fluoroscopy during those procedures. The number of frames for each angiogram for these three patients was counted using the frame counter on an angiogram projection system and measurement of the radiation dose per cine frame and the radiation dose per minute of fluoroscopy were calculated. The number of frames from 30 angiograms from the whole series was then counted and a mean and standard deviation calculated. Subsequently, the average radiation exposure for each group was calculated by multiplying the mean number of frames per angiogram, the number of angiograms, and the radiation dose per cine frame. The mean fluoroscopy dose for each group was then added to give a total radiation exposure. Results are expressed in milligrays. The bioeffects are expressed as a dose equivalent in millisieverts. These are numerically equivalent for x rays (photons). 4 Radiation exposure was noted to be independent of patient weight ( chest radiograph showed that the device had embolised to the right pulmonary artery. The patient underwent catheter retrieval of the first device and successful implantation of a 17 mm device the following day. The mean (SD) follow up to either discharge with no shunt or last follow up with residual shunt was 7 (10) months. Complete occlusion of the patent arterial duct occurred after placement of a first device in 74 patients 6 (9) months after implantation and a residual leak was present in 26 patients 10 (9) months after implantation. Two of these latter patients have continuous murmurs and are awaiting implantation of a second device. Two of the three patients with a second device had complete occlusion within two months. The third patient, in whom the first device embolised (see earlier), is awaiting a third procedure. All other residual shunts are trivial.
COMPARISON BETWEEN THE VENOUS ONLY AND VENOUS AND ARTERIAL GROUPS
More patients (P < 0-05) received a 17 mm device in the arterial and venous group (11 of 53) compared with that of the venous only group (two of 51). Table 2 gives the mean (SD) for all end points aside from complete occlusion for the different groups. The venous only group had significantly shorter procedure times (P < 0-04), fewer angiograms (P < 0-0001), and smaller dye volumes per kilogram (P < 0-0001) than the venous and arterial group but similar fluoroscopy times. The failed venous only group had similar procedure times and dye volumes per kilogram, fewer angiograms (P < 0-01), but significantly greater screening times (P < 0-03), than the venous and arterial group.
There was no significant difference in the number of patients in whom complete occlusion was achieved: 39 (76%) in the venous only group and 35 (67%) in the venous and arterial group despite a significantly shorter (P < Failure of the venous only technique was caused by the anatomy of the arterial duct in six of the seven patients. It is unlikely that two dimensional echocardiography with colour flow mapping will be able to identify ducts in which an arterial approach is required. Even if it could, the minimum time, effort, and radiation dose required to try and cross the duct from the venous side and perform a single angiogram warrant an attempt before arterial cannulation.
The increased screening time in the failed venous only group was related to setting up arteriovenous guidewire loops, balloon angioplasty of the arterial duct, and difficulties in positioning the long sheath. Despite this increase overall procedure times for this group were not significantly longer than the venous and arterial group and the dye volume per kilogram was not greater. Therefore there is no significant additional penalty for starting with the venous only method and, because of some necessity, changing to a venous and arterial method.
The absence of arterial pressure monitoring during the venous only procedures may be of concern to those who advocate arterial pressure monitoring during all interventional procedures. However, we would argue that these patients are otherwise healthy individuals and are a relatively low risk group as shown by the low reported rate of serious complications. [5] [6] [7] We consider that cuff blood pressure monitoring by an anaesthetist is adequate for many of these patients but recognise the need for arterial pressure monitoring when there are other significant cardiovascular abnormalities which might be compounded by catheter occlusion of the arterial duct, for example cardiomyopathy.
One of the major factors in this series was the learning curve. Once training with the combined arterial and venous technique had been completed it was not until further experience had been satisfactorily gained with another 40 cases that the operators considered that a change in technique could be applied. There was a significant reduction in procedure time, although the change did not lead to a reduction in fluoroscopy time. Other factors that may be of importance but are not visible in the analysis are the training of junior staff during the venous only phase of the study.
As well as being as effective as a venous and arterial approach we consider that there are several important advantages from using a venous only approach. Avoidance of the complications of an arterial puncture is of considerable benefit.89 Femoral artery thrombosis is a relatively common complication and signs of arterial insufficiency are generally absent because collateral pathways usually open quickly in children. The problem may be undetected until the child develops signs of arterial insufficiency such as reduced limb growth or claudication.'0 Avoiding arterial puncture also assists in keeping inpatient stay to a minimum. Arterial access will be required in some patients.
The radiation dose is greatly reduced in the venous only group of patients because of the reduction in the number of angiograms (table  2) . Fewer angiograms could be used with a venous and arterial method. Since the working party report on the exposure of cardiologists to radiation" there has been heightened awareness of the risks to health of the patient and the operator in the catheter laboratory. It is accepted that all exposures should be as low as reasonably achievable (ALARA principle).
Cineangiography delivers one of the highest radiation dosages to patients and consequently to staff." The radiation dosage is often as much as 10 times greater than that for more common radiological procedures. '2 Measurements of radiation exposure in children undergoing pulmonary valvuloplasty showed extremely high skin doses to the right lateral chest and estimated these to be equivalent to 1000 chest radiographs in a single ses Any reduction in the number of angiograms therefore has a very considerable reduction in radiation risk. The change in our practice has led to a 60% reduction in the number of angiograms taken during the procedure. As cineangiography accounts for a large proportion of the total dose, the overall reduction in primary exposure of the patient and scattered exposure of the operators is highly statistically significant. It is of note that fluoroscopy times were not significantly reduced in the venous only group. Insertion of an arterial sheath is not performed under fluoroscopic control and the main steps in the deployment and release of the device are unchanged in the two groups.
The newer non-ionic contrast agents are theoretically safer than the ionic contrast agents and do not cause the same cellular effects and increase in intravascular volume. '6 Toxic effects, however, may occur with the high volumes used in cardiac catheterisation particularly in children with impaired renal function and premature infants. Any reduction in contrast dose is beneficial in these vulnerable groups.
The bulk of the cost of the procedure is taken up by the price of the device. However, new devices at lower costs are becoming available. The potential savings in terms of numbers of catheters, sheaths, wires, and angiography dye are not insubstantial when considering the high cost of paediatric interventional catheterisation.
Conclusions
A single venous catheter approach using one angiogram is as effective as the traditional method of patent arterial duct occlusion using the Rashkind double umbrella device. The venous only approach results in a lower radiation dose to patient and operator and a reduction in the volume of contrast agent used. Further reductions in radiation dose may be achieved by using single plane angiography. The complications of an arterial puncture are avoided in the venous only method. Shorter procedure times and fewer consumables lead to cost savings. Initially, operators may consider using venous and arterial approaches coupled with multiple angiograms, but with experience we would advocate a venous only approach. Arterial cannulation being reserved for specific indications such as an inability to cross the arterial duct from the venous side.
